Abstract Spatial and temporal variation in the fish community structure were studied in a tropical non-estuarine embayment in Chwaka Bay, Zanzibar (Tanzania). Fish samples were collected bi-monthly (at each spring low tide) for 1 year (November 2001-October 2002) from a range of bay habitats ranging from mangroves deep inside the bay to seagrass beds close to the mouth of the bay. Additionally, environmental variables were examined to determine their relationship with the fish community structure. Being a non-estuarine embayment, the environmental variables as well as the fish community structure in each habitat remained relatively constant for most part of the year; however, a marked decline was observed during the rainy period (April-May). Significant variations in fish community variables (density, biomass and species richness) and in water temperature and salinity were observed during the rainy season in all habitats, with larger changes in the mangrove and mud/sand flats habitats than in the seagrass beds. Seasonal variations in water clarity and dissolved oxygen were not significant, though. Many species disappeared from the mangrove and mud/sand flats habitats during the rainy season and those which persisted showed a remarkable decrease in density. Moreover, the results indicate that mangroves were the preferred settling habitats for Gerres filamentosus, Gerres oyena, Lethrinus lentjan and Monodactylus argenteus, especially during the dry period (DecemberFebruary) before the rainy season. This observation is contrary to what has been reported from some other tropical regions where greater abundance and species richness was observed during the rainy season. A significant relationship was found between density of fish and temperature, salinity and turbidity. Since salinity was the most 
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Introduction
In many studies around the world, estuaries have been reported to harbour juveniles of various reef fish species. For some species the utilisation of estuaries is an important phase during their life cycle (Day, 1981) . Consequently, these habitats are referred to as nursery areas in several studies (Parrish, 1989) . While few marine species spawn in estuaries, many fry enter estuaries shortly after hatching in adjacent marine waters (Blaber, 2000) . Mangroves, mudflats and seagrass beds in these estuaries appear to offer an attractive habitat for many species of fish and may offer some advantages over coral reefs for early survival of young juveniles. Several reasons explaining the high abundances of juvenile reef fish species in estuaries in these habitats have been proposed: food abundance (Nagelkerken et al., 2000; Laegdsgaard & Johnson, 2001) , protection against predation (Parrish, 1989; Robertson & Blaber, 1992; Laegdsgaard & Johnson, 2001 ; Cocheret de la Moriniè re et al., 2004; Verweij et al., 2006) , and interception of planktonic fish larvae due to their large areas (Parrish, 1989) .
The abundance of larvae and juvenile fish can, however, be influenced by physical conditions like salinity, turbidity and temperature that vary in time, largely due to seasonal variations in freshwater input (Cyrus & Blaber, 1987; Barletta et al., 2000; Barletta-Bergan et al., 2002a, b; Barletta et al., 2003 Barletta et al., , 2005 . However, due to the relative stability of temperature in annual patterns within the tropics, physical conditions other than temperature influence larval fish occurrence in tropical estuaries (Barletta-Bergan et al., 2002b) . Studies from tropical estuaries show that salinity and freshwater input are important factors associated with fish community structure including larval fish abundance (de Morais & de Morais, 1994; Barletta-Bergan et al., 2002a, b; Barletta et al., 2003 Barletta et al., , 2005 . In South African estuaries, salinity and turbidity have been reported to be important factors influencing larval fish abundance (Cyrus & Blaber, 1987; Whitfield, 1994) . Other environmental factors like oxygen (Louis et al., 1995) and monsoon-driven coastal currents may influence seasonal dispersal and community structure of estuarine larval fish (Tzeng et al., 2002) . However, the response to environmental variables has been shown to be species-specific (Tzeng & Wang, 1992; Barletta-Bergan et al., 2002b) .
Comparable to estuaries, marine embayments harbouring mangroves and seagrasses have been reported to play a similar role for juvenile fish (Nagelkerken & van der Velde, 2002; Lugendo et al., 2005) . Depending on the configuration of the area, these bays could as well receive a considerable freshwater input during just the rainy season, which will consequently result into (short-term) changes in environmental variables similar to those occurring in estuarine habitats. Being a non-estuarine embayment, the study site at Chwaka Bay in Unguja Island (Zanzibar, Tanzania) maintains a stable marine environment for a large part of the year, except during the rainy season when part of the bay acquires estuarine characteristics.
Many fish species utilize seagrass and mangrove habitats as feeding and/or nursery areas in a way which generally leads to the use of different habitats in different seasons of the year, for example, during periods of highest primary production. In many tropical estuaries, high primary production occurs in the warm and wet season, but in high-salinity fringing mangroves highest primary production occurs during the hot and dry season (Yá ñ ez-Arancibia et al., 1988) . This can result into seasonal and spatial variation in fish densities and recruitment (Robertson & Duke, 1987; Yá ñ ez-Arancibia et al., 1988) as well as in fish community structure (Robertson & Duke, 1990) . The knowledge concerning the utilization by fish of mangroves and seagrass habitats in East Africa is limited to a few studies done in Kenya (Little et al., 1988; van der Velde et al., 1995a, b; De Troch et al., 1996; Kimani et al., 1996) and in Tanzania (Lugendo et al., 2005) . Worldwide, most studies have been done in (temperate) estuaries, and little is known of how environmental variables influence fish communities in marine embayments.
The present study investigated the fish community structure in a tropical marine embayment harbouring mangroves, mud/sand flats and seagrass habitats, in relation to seasonal variations in environmental variables to answer the following questions: (1) Are there seasonal variations in physico-chemical variables, and in fish density, biomass, size, and species richness in different bay habitats? (2) Is there a correlation between presence of fish species and environmental variables? (3) In which bay habitat and season does recruitment of fish occur?
Materials and methods

Study site
Chwaka Bay harbours several marine habitats, including mangrove creeks, mangrove channels, mud/sand flats and seagrass beds. It is a shallow non-estuarine embayment located on the east coast of Unguja Island, Zanzibar, Tanzania (Fig. 1) . Chwaka Bay is an intertidal water body (average depth of 3.2 m) and its area varies with the tide: the estimated area during high spring tide is 50 km 2 and during low spring tide it is 20 km 2 with a mean tidal range of 3.2 m (Cederlö f et al., 1995) . Air temperature ranges between 27 and 30°C and rainfall between 1,000 and 1,500 mm per annum. There are two rainy seasons in Zanzibar: the long rains that occur during the months of March, April and May, and the short rains which extend from October to December (McClanahan, 1988) . During the study period in 2001 the short rains of OctoberDecember were very restricted (maximum 64.2 mm) and are therefore considered a dry season here. The maximum amount of rainfall during the sampling period was 705.4 mm and was recorded in April 2002; for the rest of the year an average (±SD) of 88.6 ± 38.1 mm was recorded. Winds are northeast monsoons (October-March) and southeast monsoons (MarchOctober), with short intermittent periods.
On the landward side, Chwaka Bay is bordered by a dense mangrove forest of approximately 3,000 ha (Mohammed et al., 1995) . A number of tidal creeks characterise this mangrove forest, with Mapopwe Creek (approximately 2 m deep) being the largest and the main water exchange route between the forest and the embayment. These creeks are intertidal in nature and none have any significant freshwater input other than rain. During the rainy season, salinity gradients develop and they temporarily acquire estuarine characteristics with salinities as low as 5 ppt (Johnstone & Mohammed, 1995) . This part of the bay is characterized by low water clarity (range 0.3-1.7 m) and oxygen levels (range 2.9-5.9 mg/l). On the seaward side, immediately adjacent to the forest, the embayment opens up to large intertidal flats that are characterised by mixed assemblages of algae and seagrasses and scattered monospecific seagrass stands. The outer and middle parts of the bay (about 4 m deep) are oceanic in character with salinities rarely below 35 ppt and a relatively high visibility (horizontal Secchi disk visibility) of 6.3-15.8 m. The mangrove part of the bay is characterised by higher ammonium concentrations as compared to the rest of the bay, as well as a higher ammonium concentration during the dry season as compared to the wet season (Johnstone & Mohammed, 1995; Mohammed & Johnstone, 2002) . Similarly, the mangrove part of the bay is characterised by higher primary productivity than the rest of the bay with significantly higher levels during November-December period (Kyewalyanga, 2002) . The bay is relatively sheltered since it is protected from the high-energy ocean on the east coast by a reef system running along the coastline, as well as the Michamvi peninsula ( Fig. 1 ).
Field sampling
Prior to fish sampling, water temperature, pH, salinity and dissolved oxygen were measured using a temperature-compensated Multi Parameter Analyser (Eijkelkamp, model 18.28). Furthermore, visibility was determined using a line extended to the maximum horizontal distance at which a snorkeller in the water could discern a black and white coloured Secchi disk (44 cm diameter). Environmental variables could not be measured during some months due to equipment failure and no possibilities for repair or replacement. Fish samples were collected bi-monthly (at each spring low tide) for a period of 1 year (November 2001-October 2002) from five habitats in Chwaka Bay: (1) mangrove creeks, (2) mangrove channel, (3) intertidal mud/sand flats located 2 km from the mangroves, (4) Chwaka seagrass beds located about 6 km from the mangroves, and (5) Marumbi seagrass beds situated about 8 km from the mangroves (Fig. 1 ). Characterized by a muddy substratum and prop roots of the mangrove Rhizophora mucronata Lamarck, the mangrove creeks and channel habitats had few algae and seagrasses. The mud/ sand flats were characterised by a higher cover of algae and some seagrasses. The sampled seagrass beds consisted of vast fields of Enhalus acoroides (L.) Royle, interrupted by small patches of Thalassodendron ciliatum (Forsskå l) den Hartog and calcareous algae (Halimeda spp.).
A seine net measuring 35 m in length, 3 m in height and with a stretched mesh size of 1.8 cm was used to collect fish from all habitats, except in the creeks, with a sampled area of approximately 480 m 2 per haul. The seine net could not be used in the creeks due to their narrowness. Instead, an alternative method was used where the mouth of the mangrove creeks (about 4 m wide) was closed by the net and the whole net laid out upstream at one side of the creek (about 30 m) and then closed again, sampling an area of approximately 120 m 2 . In each habitat, four replicate hauls were randomly taken during each spring tide.
To make sure that the net remained vertically stretched and touched the bottom, a metal chain was attached at the middle part of the sinker line. In addition, plastic floats were attached to the float line so that the upper side of the net remained afloat. Concurrently, snorkelling observations were made for net efficiency during deployment to check whether the net trailed over the substratum and if any fish escaped. We observed that the lower part of the net remained on the bottom throughout the exercise and no fish escaped below the net. Only some individuals of Mugilidae jumped over the net. It was concluded that the procedure was well designed for the species under study. To standardize the methods, we involved the same two fishermen, using the same net, and similar net deployment procedures throughout the sampling period.
Fish fork lengths of caught specimens were measured to the nearest 0.1 cm and their wet weight established to the nearest 0.1 g as a measure of biomass. In order to describe the overall picture of the bay, the variation in total density, total biomass and species richness is presented for each bay habitat. In addition, based on their high frequency of occurrence, numerical dominance, their commercial value, their potential as nursery species and their occurrence in more than one habitat, the following species were studied in more detail to investigate the influence of seasonal variations on individual species and size classes: Gerres filamentosus Cuvier, Gerres oyena (Forsskå l), Lethrinus lentjan (Lacepè de), Lutjanus fulviflamma (Forsskå l), Monodactylus argenteus (Linnaeus), Siganus sutor (Valenciennes) and Sphyraena barracuda (Walbaum).
It should be noted that the majority of the juveniles collected in this study were larger than 2.5 cm in length. The smaller fish (<2.5 cm) were mostly fish larvae about to settle and tended to pass through the net and this may possibly have lead to a small underestimation of the total density of very young juveniles under study. However, since the same mesh size was used throughout the bay habitats, the effect of the net (if any) applies for all habitats and hence the observations from this study are representative of the different bay habitats. Detailed information (density, biomass, etc.) at species level on the fish community structure of Chwaka Bay can be found in Lugendo et al. (2006, in revision) .
Statistical analysis
A choice for a parametric or a non-parametric test was made after the data were tested for homogeneity of variances using a Levene's test. In case variances were homogeneous, a one-way ANO-VA was employed to test differences in both fish community variables and environmental variables across the range of habitats and among seasons (dry season before rainy season, rainy season, and dry season after rainy season). Habitat and season were tested separately. Since sample sizes were very different, a Hochberg's GT2 was used as a post-hoc test due to its greater statistical power in such kind of data compared to other tests (Field, 2000) . All data that did not show homogeneous variances were log-transformed, and a Levene's test was performed once again. A Kruskal-Wallis test was used as a non-parametric test equivalent to a one-way ANOVA when variances were not homogeneous, even after log-transformation. In this case, a Games-Howell post-hoc was used because this test is more powerful and specifically designed for lack of homogeneity of variances (Field, 2000) .
To examine the relationship between fish community and environmental variables in different bay habitats, two sets of multiple linear regression analyses were performed; (1) for mean density, biomass and species richness of all species pooled, (2) for total density of each of the seven selected species. All analyses were performed using the programme SPSS for Windows (Field, 2000) . Semi-partial (Part) correlations are provided to show the correlations of the separate independent variables with the dependent variable, taking the effect of the other independent variables into account. A significance level of P < 0.05 was used in all tests. Correlations between environmental variables and the fish densities were also examined with a Principal Component Analysis, using the Canoco 4.0 ordination program (ter Braak & Smilauer, 1998) . Scaling was focused on inter-species distances, and species scores were divided by the standard deviation.
Results
Temporal and spatial variation in physico-chemical variables
The measured abiotic variables varied both spatially and seasonally. While pH, water temperature and oxygen levels were lowest just after the rainy season (June-July), salinity and visibility were lowest during the rainy season (April-May; see Electronic Supplementary material). There was a marked seasonal variation in salinity for mangrove and mud/sand flats habitats with lowest values (as low as 5ppt in the mangrove channel) recorded during the rainy season. Variations in salinity were less pronounced in Marumbi seagrass beds where levels remained close to that of oceanic water throughout the year (average 35.5ppt; see Supplementary material). Nevertheless, the variations in salinity were significant between seasons in all habitats, with salinity during the rainy season being significantly different from those of the other two seasons (Hochberg's GT2 P < 0.05 for mangrove creeks, Games-Howell P < 0.05, for the other habitats). Significant seasonal variations were also observed for water temperature (Kruskal-Wallis, P < 0.001) in all habitats.
Lowest values for salinity, oxygen and visibility were recorded within mangrove habitats (i.e. mangrove creeks and mangrove channel) and mud/sand flats, whereas highest values were recorded for the seagrass habitats (Chwaka and Marumbi seagrass beds; see Supplementary material). While water temperature and pH did not vary significantly across habitats, salinity, oxygen and visibility did (Kruskal-Wallis; P = 0.030, P = 0.001 and P < 0.001, for salinity, oxygen and Hydrobiologia (2007) 586:1-16 5 visibility, respectively). Significantly higher values (Games-Howell; P < 0.05) were recorded within the seagrass habitats as compared to either the mangrove habitats only (for salinity and oxygen), or the mangrove habitats as well as mud/sand flats (for visibility).
Temporal variation in total fish density, biomass and species richness
In the mangrove creeks, two peaks for both density and biomass were observed during the two dry periods: before (in December) and after (in July) the rainy period (Fig. 2) . During the rainy season, a sharp drop in total density and biomass was observed. For the mangrove channel and mud/sand flats only a high peak was observed for fish biomass and density in the dry period before the rainy season, with a sharp drop during the rainy period and only a slight increase afterwards. Also Chwaka and Marumbi seagrass beds showed only a high peak in fish biomass and density before the rainy season, viz. around November/December. Significant differences among seasons were found for fish densities in all habitats (mangrove creeks: one-way ANOVA, No sampling (n.s.) was done during November in the mangrove creeks and during January in the Marumbi seagrass beds P = 0.001; mangrove channel: one-way ANOVA, P < 0.001; mud/sand flats: Kruskal-Wallis, P < 0.001; Chwaka seagrass beds: one-way ANOVA, P < 0.001; and Marumbi seagrass beds: one-way ANOVA, P < 0.001), with significant differences between the rainy season and the two dry seasons (for mangrove habitats, Hochberg's GT2; P < 0.001), between the dry season after the rainy season and either the rainy season or the dry season before the rainy season (for mud/sand flats, Games-Howell; P < 0.001, for Marumbi, Hochberg's GT2; P = 0.024, and for Chwaka seagrass beds, Hochberg's GT2; P = 0.006). Species richness also varied over the year with a marked decrease during the rainy season for all habitats except Marumbi seagrass beds, which also had few species during the dry period following the rainy season (Fig. 3) . Generally, the highest number of species was observed during the dry period before the rainy season. The seasonal variation in species richness was significant in all habitats (mangrove creeks: oneway ANOVA, P < 0.001; mangrove channel: oneway ANOVA, P = 0.006; mud/sand flats: Kruskal-Wallis, P = 0.002; Chwaka seagrass beds: one-way ANOVA, P < 0.001; and Marumbi seagrass beds: one-way ANOVA, P = 0.006). The significant seasonal variation in species richness was always present between the rainy season and the dry season before the rainy season, for the mangroves creeks (Hochberg's GT2; P < 0.001), mangrove channel (Hochberg's GT2; P = 0.004) and mud/sand flats (Games-Howell; P < 0.001), and between the two dry seasons for the mud/ sand flats (Games-Howell; P < 0.001), and Chwaka and Marumbi seagrass beds (mud/sand flats, Hochberg's GT2; P < 0.001).
Temporal variation in density and size of target species
The majority of fish caught within the bay habitats were larger than 4 cm; however, in four of the seven common species (i.e. G. filamentosus, G. oyena, L. lentjan, and M. argenteus) also recruits (< 4 cm) were recorded, although in low densities (Fig. 4) . The majority of these smallsized juveniles were found within the mangrove creeks and channel, and sometimes also in the mud/sand flats. They were most abundant during the dry seasons, especially the one before the rainy season (Fig. 4) . G. oyena additionally showed a high peak of small juveniles after the rainy season.
Generally, regardless of size, there was a sharp drop in density of species during the rainy season in the mangrove habitats and mud/sand flats. Many species disappeared from these habitats and those which persisted showed a remarkable decrease in density (Fig. 4) . This was also revealed at family level where Apogonidae, Gerreidae, Leiognathidae, Lethrinidae and Teraponidae, which were abundant families in the mangrove and mud/sand flat habitats, peaked during the dry season before the rain and disappeared during the rainy season. There were two exceptional families: Ambassidae (Ambassis gymnocephalus (Lacepè de)) and a Cyprinodontidae (Pantanodon podoxys Myers) which peaked just after the rainy season in the mangrove creeks (Fig. 5a ). In Chwaka seagrass beds Teraponidae showed a decrease in density during the rainy season, whereas Gerreidae, abundant in four out of the five studied habitats, together with medium and/or large-sized fishes of two other species (i.e. Lutjanus fulviflamma and Sphyraena barracuda), showed elevated densities during the wet season (Fig. 4) . The Marumbi seagrass beds did not show a pattern of low densities of the above-mentioned families during the rainy season versus high densities during the dry seasons.
Correlation with environmental variables
Multiple regression analysis showed that in three of the five studied habitats (mangrove channel, mud/sand flats and Chwaka seagrass beds), environmental variables showed significant relationships with fish community variables (see Supplementary material). In the mangrove channel mean density and species richness showed a negative relationship with temperature (r 2 = 0.697, P = 0.032, and r 2 = 0.795, P = 0.022, for mean density and species richness, respectively). In the mud/sand flats mean density of fish had negative relationships with temperature, visibility and salinity (full model: r 2 = 0.997, P = 0.007) while species richness showed a negative relationship with temperature, salinity, oxygen and visibility (full model: r 2 = 0.992, P = 0.017). In Chwaka seagrass beds mean species richness showed a negative relationship with temperature and visibility (full model: r 2 = 0.982, P = 0.037). No significant relationship was found between mean biomass and environmental variables in any of the habitats (see Supplementary material).
Significant relationships were also discerned at species level in different bay habitats (see Supplementary material) . In the mangrove channel, Gerres filamentosus and Lethrinus lentjan showed a negative relationship with visibility (r 2 = 0.695, In mud/sand flats G. filamentosus showed a negative relationship with visibility (r 2 = 0.731, P = 0.032), while G. oyena had a negative relationship with temperature (r 2 = 0.912, P = 0.032). A significant negative relationship was also found between density of Sphyraena barracuda and salinity in Chwaka seagrass beds (r 2 = 0.815, P = 0.033).
Principal component analysis (PCA) showed a clear separation between species in the mangrove habitats and those in the other habitats (Fig. 6) . The eigenvalues of the first and second PCA axis were 0.686 and 0.225, respectively, indicating that a high proportion of the variation in species density data could be explained by the hypothetical axes. The PCA graph shows that G. filamentosus and M. argenteus were present in the mangrove habitats regardless of seasons, and that their densities in both seasons were negatively correlated with all measured environmental variables (Fig. 6) . The remaining species, viz. G. oyena, L. lentjan, L. fulviflamma and S. barracuda, showed a change in highest densities during the rainy season from either the mangrove habitats or mud/sand flats to the seagrass beds, with exception of S. sutor which changed from Chwaka to Marumbi seagrass beds (Fig. 6 ).
Discussion
Fish community as well as abiotic variables showed temporal variations in Chwaka Bay. Density, biomass and species richness remained constant for most part of the year but declined significantly during the rainy season. Likewise, environmental variables remained constant for most part of the year, however, there was a conspicuous change during the rainy season especially in the mangrove habitats and mud/ sand flats. Despite the absence of evident surface freshwater inflow into Chwaka Bay, surface flow from the heavy rains during April caused significant changes in environmental variables in the mangroves and mud/sand flats habitats. These effects decreased farther out towards the seagrass beds because these were located further away from the rain water outflow. A relationship was present between density of fish and temperature, salinity and visibility. Salinity was the most conspicuously changing environmental variable with seasons. Therefore, salinity, alone or in combination with low visibility and temperature, was likely the most important environmental factor structuring the fish assemblage deep within Chwaka Bay (i.e. in the mangrove habitats and mud/sand flats), particularly during the rainy season. This probably explains the decline in fish density and biomass in the mangrove habitats and mud/sand flats during the rainy season. This effect is also known from temperate South African estuaries (Strydom & d'Hotman, 2005) , and from a northern Brazilian tropical estuary (BarlettaBergan et al., 2002b; Barletta et al., 2003 Barletta et al., , 2005 . Fish found in true estuarine habitats are believed to be generally more tolerant of low salinities than of high salinities (Weerts & Cyrus, 2002) . The opposite seems to be the case for Chwaka Bay fishes since this bay exhibits marine conditions for most part of the year. As the fish species here are marine species adapted to ocean water salinities (which is constant for most part the year), they probably do not withstand the low salinities, perhaps coupled by low visibility, in the mangrove habitats brought about with the surface run-off from the rain. As a result they appeared to move away from these habitats. Indeed, low salinities (below 16 ppt) have been reported to be stressful to marine fish with a possibility of restricting the type and number of species in a particular area (Bulger et al., 1993) . Hence, marine embayments appear to be different from estuaries in that they contain mostly marine species which appear to migrate away when salinities reach estuarine characteristics. Barletta et al. (2003) suggested the possibility of the tidal channel of a lower estuary being used as refuge habitats for species that seek shelter when the estuary is strongly influenced by freshwater. Similarly, Chwaka seagrass beds may probably serve as a refuge habitat for fishes coming from the mangroves and mud/sand flats habitats when these habitats are strongly influenced by freshwater. The decline in fish density and biomass during the rainy period within the mangrove habitats and the increase in density of some fish species (Gerres oyena, Lutjanus fulviflamma and Sphyraena barracuda) in Chwaka seagrass beds where fluctuation in abiotic variables was less severe could explain a seasonal migration of fish in search for an optimal environment. Studies by Barletta-Bergan et al. (2002b) and Barletta et al. (2003) in the Caeté Estuary, Brazil, reported seasonal fish movement and migration during the rainy season due to increase in freshwater runoff which resulted in a decline in salinity.
The most striking observation in the present study is the extent to which short term (AprilMay) changes in environmental variables brought about such significant changes in fish densities. According to Blaber (1980) , substrate type, depth and turbidity may be important factors in determining the distribution of juvenile fish in tropical estuaries rather than salinity. However, given the fact that Chwaka Bay is not an estuary but has stable environmental variables during most part of the year, the short-term seasonal variation in salinity here was probably a more important factor in explaining the temporal variations in fish community structure observed. In this case, other factors like water depth and substrate type probably have a minor or secondary influence. However, in agreement with Blaber (1980) under relatively stable environmental conditions, the other factors (water depth and substrate type) are much more important in explaining the distribution of juvenile fish.
Our results do not address factors that influence recruitment of fish in Chwaka Bay. However, the seasonal variation in densities of recruits (<4 cm) of the four target species (Gerres filamentosus, G. oyena, Lethrinus lentjan and Monodactylus argenteus) suggests a possible timing of settlement during favourable conditions. Factors like high primary production (Yá ñ ez-Arancibia et al., 1988), favourable temperature, turbidity and salinity (Cyrus & Blaber, 1987) seem to be related to the patterns observed for recruits in the bay habitats. Timing of spawning to match the spatial and temporal coincidence of recruits and food items has been pointed out to be among possible reasons for seasonal variations in the abundance of fish larvae (Dickey-Collas et al., 1996) . Johnstone & Mohammed (1995) and Mohammed & Johnstone (2002) report high ammonium concentrations (the form of nitrogen taken up most readily by phytoplankton) within the mangroves of Chwaka Bay as compared to the rest of the bay, as well as high ammonium concentrations during the dry season as compared to the wet season. In addition, Kyewalyanga (2002) reported a higher primary productivity within the mangrove habitats in Chwaka Bay as compared to seagrass beds, and a general high primary productivity during the NovemberDecember period. These observations coincide with higher densities of recruits within mangrove habitats around this time, suggesting that high primary production could be among the factors that favour settlement of fish during this period of the year. Cyrus & Blaber (1987) mention increased turbidity as one of the factors associated with larval fish abundance. This factor is possibly also important in Chwaka Bay where recruits were abundant in the mangrove and mud/sand flats habitats during the dry season, where turbidity was significantly higher compared to seagrass beds. However, during the rainy season enhanced turbidity and reduced oxygen levels coupled with osmotic stress due to very low salinities in these areas likely made these habitats hostile for recruits to survive. These are possibly among the reasons why recruits were abundant in the mangrove habitats during the dry season and not found there during the rainy period. Four of the seven studied species showed recruits within the mangroves during January-February period, suggesting that these species have similar requirements as far as recruitment is concerned. Possible differences in breeding season or in the habitat preference for recruitment for the other fish species (e.g. Lutjanus fulviflamma, Siganus sutor and Sphyraena barracuda) need further research as they can not be substantiated by this study. The dominance of juveniles of Gerreidae in the mangrove habitats is consistent with other studies done within Indian Ocean and elsewhere (Little et al., 1988; Laroche et al., 1997; Nagelkerken et al., 2000; Vidy, 2000) while those of Lethrinus lentjan and Monodactylus argenteus are known to be brackish spending their early life time in mangroves (Froese & Pauly, 2004) .
The questions that were set at the beginning of this study can be answered as follows: (1) There was a significant seasonal variation in physicochemical variables specifically in temperature and salinity, and in fish density, biomass and species richness in different bay habitats, (2) Water temperature, salinity and visibility are the environmental variables that showed the highest correlation with the fish community variables, (3) Settlement of small juveniles (<4 cm) of several common species occurred mainly in the mangrove habitats and to a lesser extent within the mud/ sand flats, and was highest in the dry season before the rainy season (December-February) when environmental conditions were probably most favourable. Similar to fish density, the species richness of fishes in Chwaka Bay was also significantly higher in the dry season (before the rainy season) than in the rainy season. This observation is contrary to what has been reported from some other tropical regions where higher abundance and species richness was observed during the wet season (West Atlantic: Stoner, 1986 ; Australia: Robertson & Duke, 1990; Thailand: Ikejima et al., 2003) .
